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(54) METHOD OF MANUFACTURING SEMICONDUCTOR LASER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of 
manufacturing a semiconductor laser by which the 
manufacturing yield of the semiconductor laser can be 
improved by obtaining an optical resonator composed of a 
good cleavage plane without changing the characteristics of a 
compound semiconductor laminate by suppressing the 
occurrence of defects, such as cracking, chipping, etc., in a 
laser scribing method. 

SOLUTION: Ultrashort pulsed laser light 31 is projected upon 
a laminated substrate composed of a single-crystal oxide 
substrate 1 and the compound semiconductor laminate 10 
having a stripe-like light emitting region perpendicularly to 
the stripe of the laminate 10 from the laminate 10 side. The 
wavelength of the laser light 31 is transparent to the laminate 
10 and substrate 1. Consequently, a semiconductor laser 
element in which such defects as cracking, chipping, etc., do 
not occur and the characteristics of the laminate 10 do not 
change can be obtained by scribing 32 and 34 the incident 
plane and the plane opposite to the incident plane and 
cleaving (not shown in the figure) the planes. 
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UM] b— tfX*5<r?ftf=6tt**5?**** 

c t * g *. 

So «B/U/XU-1f*3 1©«*tt, fc&fe¥3|flc^ 

s« 1 o & j: tfiMMfewtiasft 1 (=» Lxaw*aft 

if PJ^-S c i C= * « . ^7 7^ Af'f 1 y £>?*©*«# 
*<, frofc&fe##tt^lfe©&14Kft!5<fcl\ #31 
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<®.i\)\,7.\s— tf3K«HHLTttf!WI{Wfi(=b-1fX 

SMHttUKSSH-fft c t ^**MMt u— If© 
«it7j;£„ 

tsassfl * y awt s *u nsuefi' ^x u— ? *© a 

e> BfrfH u-if x$ ^ -r -a - 1 £ rot <t 1 
tHt£©#^<* u-* ©«**a. 

1EU— If**?* fFiagl<*S«l*3a!©U-ifX 

ibu— tfx^f?!*. meiifl:«uiiSA£fi£x^7 

t « ft 2 © U — 9 s X 0 v 4 7* b tt •& Ct $ *t» t -r -5 
1 6 3©l***i*M=Sa<M^M* !✓—*©«£ 

7J&. 

set £*#«£?- -5ti**s 1 *b 4<j>^?tiMztmo> 

«^©«*XiKr> M*. U&^-+fX*7-f Visits 
*g 1 b 5©t^*t*»l=S!«©*ii*U— VOWBfi 

a. 

UR*«7] BfrfEMS/^l/XU— ^^©MB^Ji^S 
«^©«*xi|«9 h©ft£3fta. tt£WI<*£tfi©Ji 

* isiTT* ** c t £#& t 1 * b 6 ©ivr*. 
*(=©«©¥** u— tf ©gj&fra. 

8 ] ifflUffiE/^x u— tfpfe©/<;i,x*Sl* 1 

o ea»aTT?ft*ct*ttttfc«««si frb 7© 

lv«i!Wc1Btt©iMH* U— tf ©«£»&. 
[0 00 1 ] 

[««©■-*•&««#»] vom 

Ibft&HMttMftfr 6 ft SajgftS 
«(=*5l*-C\ JMfKf*»8*»*fc»©*i»f*:U— Iffi 

[0 0 0 2] 



©*#««**■*- 6 <b$tt¥«{MM4fefr b ft -53tJItt 
£«£BH-f'*fc#>©X*5-f ^JiirLTIi, 
^^KXf^W^ 5f-f«»^ x^>? % tfx 

f 5-r^»©*a*«wffl*iiT^4. -©a*., jf-f-v 

=E > KX £ ^ -f ^V^V h**V > M= <fc y ffll 
#atffi©aW=*.MilOl£frlV ^©ft^b-+>^ 

ffl©s**©-iB(=a»4-a-fc*tt-e3gr=aii(*aME* 
ia©A*ip*T*H-r**ft-cft^ s? 

10 *^t-c. «ff<ttt£©BM£?T5#&-eft«. x»/^ 
«5.li-f 5 U >?&© J: 5 ft K^-fx Vf- 
>?miz * y . x v =f- t <b£ft¥*1*flUift £ 

«rt-r**tftt©EJttt*«fflLr, ft^tt¥«tt:«J| 
*l=JKA*i.lOX*fiftV WBti:Sfi©aiM£fr5#£&-C 
fc£o L/— <fX$5-f SSW^^-f-V^E^ Kx$ 
^-f ^t^C^a-efty. ^J^lfii^jt-Cft*^!!** 

ft* Y A G U— tF© 3 ^&*LM±4Jfe5SPsR3fe£ajgi* 
«fil=B8St Lr«Ji#*«I=*A*iJBX«fToT^fc. 
20 u— tF3fe£ffl^fc U— If X^7 7 -f ttM¥ 1 0 - 

3 2 1 9 0 8#M«»=H***LT^4. 
[0 0 0 3] KIT. LTttH¥ 10-321 

9 0 8^BBIIBS[=ffiK**ifcMftftmfc^*^tt:©» 

<b**#»i* 1 o 1 *t»j**;h.fciMM*«>x/ \ 1 o o At 

*«**LT^6. 3fS^IAlOOIi. t77-f 

7-Sffi1 0 2±|=G a N*«a-C»**1*fc/<s»7TJi 

N. SttitUy^K-^InGaN. Pi^7? 
30 KliLTAIGaN, Pla >9f Hi LTG a N 

ftfe. im»f*(=l*TSH©»»«ftx vyv^aWS* 

-if fitt S *i* -3 T#»*»*»*t;x v?><7 
ttiXM (B6 (a) ) . C©<fc-5£¥a£<*<t7X/\i 
0 0£XYX J f-v±|C@^iaM$1±§ o x+->VU- 

if*«it4*fta»645»*«>x/M oo*x*atfY» 

40 *fiK=**l-?*l»»*-a:Tll«t=«[ 1 ©ig 1 0 3 

$t±*o »rt**ifc«l©*l 0 3(4. ¥«^astJ^ 

b^77-f r at«©-»* t? w* * *it y . h n 

rp©g4 0 jum©S=lPBWeft* _ (l T ""(bT )" 

l — -tfggw(=«fc y»***ifc* 1 ©j»(=y-f -» 

^*©?D £ i 1 © 5$f o T 9-i v > -7*©^ £^ b e 
»2©S1 0 4£fl^jS^1±* (01 (c) ) . ^©&. 
«2©S1 0 4[:ifiott77-f7MlfrbP-5- 

i=*yE*«iD*rffLasci:(=*y. 

0 6^ic»«*#* m\ (d) > o c*ii=j;y 
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[0 0 0 4] 

■CWfc©**»ft-eft* 1/— WfctfiSffl LT##tt:£» 
itLTfcy. J2lT©J:5&P«aiiA<ftofc. C©U— tf3fe 

— tfjfc-fcYAGU— tf©3#ftSlM±4&&|mfefc-l?fc 

y. *©*a»3&<aiiaft*i.Mifti oea»iajt©ft 10 

oTLVfco CfflJi&©U— tfSfeffliRltel*, «SMh*l* 
#m<D7*S >JgiS/N*> KJaTCftSBBTCfi:: y . & 

A*-tga. = ©S*I*. L/— ^©WftA^gl® 
j&»-C©#S y . WK * 4ifc3tei*;i^-l± t° a fj>* 

*i*^^-*<!Ri|ji4*i4«*XjK?» h«*-e©sfi£± 20 
#ttWta«i:©«E»-e*y. »3tX7K-y h*1-^©»*fc 
SfeI±SH©;Sg±^^?l#Scl-o -©fcto, Hljfcx*° 
hflHI=$5****?lf>**©*B*aiS<feSli\ 
-©;ag±^AMb^#i#«»:aS!|*i©1#tt$^b* 

akbm-c ft y , *w* u— * <ona»tum < fc « n 

[ooo5] **ijiji±. c©*afttt*©iaB*»ft-r 
«*©-cfty, uHfx*5-f^*csitW5»** 
**e>^©*K©*±£|qiau 4b#»¥«44«JS 30 

rH*Tl*»fl#H«ffl.i:St!-*cfc© 
■C**iN»ft^-1f©«J6*iS*a«+*-t*B»i: 

fa. 

[0 0 0 6] 

[MB**ft*-«fcft©¥R] ^©HWS*ft-r*fc» 
«=*«MI*. ^bfem^ B B B S«<tXK5>r^©^3fe^ 

LT\ jj>ft<***©xh5-r:/fc£«fc*iai::, 'J>fc 
< <t L-caWU6:«*©lBJE/to 40 

X U— t^SSS* LTBBiMMRlc U— ?x* 7£ 
friv c©u— •fx^9^^*(=»-3T«Ji«a«*» 
■H-*-**3i=Lfc*©-e*s. d*ll=<fcy. b— tfx^ 
?-f^C=J:*^7»^^»e> y Sf ©*«©***<«l 

ft^**»t»«ji*©*tt**ft*-e-ri=ftff 

A$B * |S|±** - t A<T? * « . 

[0 0 0 7] 

[*91©£tt©]*fi] *^BJ©IS*^ 1 (=Gtt©«iH 
l±. MMUMSC txh7-f ^«©«**«* *f 50 



ia^<b®im^ B B H s*gi=^ l Taw<pa*©fiia/.<^ u 

— ttlfeflflt LrMGMItMMKlz L/— tfx* 5 -f 

ft y „ y * 5 -P?- v \d^V%<DXM<D%:i* 

Wft«Bfc©1*tt*fl:*fti.\fc». d©x^5-f^*l= 
iBoT«HttS*BHt«uiTf. &tf«£Hi5-eft 

a**s»*<»&*u M n n n ^g5i^±-r4c<tA<Rrfigic 

[0 0 0 8] *«■»©»*« 2 (=EflK©SQI3a* irfBjg 

JE/<;ux u— if3tiiBfriBSHb^^*g B B B »W0J; y nat$ 
*U MEigJa^JUX U— tf5fc©AM@£liJ5*f®T*ft.& 
B5fB1b^-«s^#tt:§ji14iS S® A^ C> frfS b— tfx ? 7 -f 

c 1 f snata 1 tmo>*m& u— y© 
»a*ft-e&y. =iii=*yx^5-f^fti=**a»^- 

U-+F©!($tt<5T $ IS-itf 5 d <t A< RlHglca -& t 

[0009] *mAmmm 3 i=fE«©&ijiii;j\ mib® 

S/<;UXU— »f3fe©ffiltl=«l:-5ffiffBU— tfx^-f:? 
tt. «EWiiMttti*g»©u-ifx^5W^T?**ci 
£$#8£*£fflf*ia 1 *fcl±2fBK©#^#U— 9»©M 
3t*a-e*y» c*i(cJ:y3l^9-f^B»l=»4r*Mt* 

*©»**&< -re fcj&^iiscfcy. i»£tt©ft«tti|£ 

»*«Ji*'v©S#«-r « CtCJ: L — iftOtf 
t4<5TS |»±-r 4 - 1 Acinic ft S t^f^ffl**-*- 

4. 

[0 0 10] **W©tt*«4(::IBK©jBH(i. OTBiB 
51/ n°;UX L/— tf 3fe©^ttl= J: SfrfH U— tPX^ ^ -r ^ 

i*. mtmit®mmB>&&$Ktr?-<7irz>m 1 © u- 
ifx^5-f^t. frlBlb^fe^^Ji^tMfBStlb 

s * fc 1^ x g -r * * 2 © ix— ifx 
^ 5 -r 6 c 1 1 t-r 1 4* 6 3 © 
^*uw=E«©*sitt:iy— y©»6*aTffty. c*k= 
* yiM#x«i©»iM«-r«ie©ttaiiiA©iqi±«:6t; 

(=SHb^^|g B B J S*5©itr»fmA<[6l±^ * i: U 5 ftffl 

[0011] *mwtmm5izmm0mmt. mim. 

5®/^XU-Hfit©<ijt*[6]|i. BfFfBU-ifx^^^-? 

*fiii=» UT¥fTft«*s*T?ft« c t mzntTzm 

#m 1 A^b 4©L^r^^A^lcf3®©^^^;u— tf©KiiS- 
a-e*y. ctiicfcyaiWMMsrosH^-rsBa). & 
e**©lRl±3Ei:6t;(=BHBi©aHlRl±*<»6*i*i^ 

[0012] *jBw©n^«6(=iB«©«wa. ime 

5a/^XU— ff3fe©iIfB»Jgtt:Xffii^©^3feXjH-j/ h 
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fttiijmz&i^z t &mt-t imam 1 * & 5©ivr 
:fcfr(=B«©#*{*u-if©f^ft^*y. c*ti=«t 
9i^-1fx^7-f^-r*l»©inia*©iRi±4«B6*t.- 

[0 0 13] **^©»*3S7l=IBSS©f6WI±. b5IB® 

js/^u— «fjfe©iwEaH*iMS'v©**x#v k© 
if©«jfi*a-cfcy, c*tirj;y«jii*SiEii**iRiffl 

JDXfi«||ft©fil±*«ff6*i*i^5ftffl**-r*. 10 
[0 0 14] *f§ffl©^*«8(=IHft©5IWIi, MfEig 
S>l/ux u— «f3fe©/^uxtSf± 1 o f=j»JsiT-efeSc 

t *»«i:-r*ii*a 1 * & 7©i*rftjw^E«©¥* 
#u-^©»s*a-e*y. =:M=*y ««***©« 
Ji/<;ux ys—*f%mtXi£v m-eoMt&mz&z^g. 

[0 0 15] J»T. *»ffl©S*(=»«l=oL^TBBB* 

ffli^rfMB-r*. ($«©»« dh i^hb^©^ 
©»ci 1 i=fei+*aii(*s«©flKtss-r. ai(*)tt 

aH*»S©BrBiH-e*y, 1 l*^bfeimS B B p*«^ife 20 

linl^^^M, 4ttnE«9KI, BttStt 
B. 6ltpB*7vKl. 7tt P Ba>4i^hB. 8 1* 

pffljss, 9i*n*^s-efty. c*ie,2^e>9i:: t fcy 

fc£ft¥3HHWi*l 0*q*j**;h.«. 

JIfcl oit. -01 (b)©«fc5(=Xh7-f^©Ptt^* 

L. flJjtlfGaN, AlGaN, GaInN$i'(DM 

ifesi i i-v*ft^*iNi#*»63e:y. *fcpn»^ 

[0 0 1 6] B1 (b)(*Hl (a)©Kffl**-r*aii(* 30 
«S£. fc£*MMM«MM*M 0<H^bMfclSl^fei.o 
C©7J|6lfrblifci§£. pllis^niiis. fe* 
tfnftn:/** H3*<IX, pM«8&n|g«S9 

*«xh5-f^R©«MR*i«+. Xh5-f 

7J|S]1 1 a&fctfl 1 b(=»Hffl©X^7-f^*»* 

=t.SttJi5*4"bi:UT. n»59Fl4. P I!?7 
•y KJi6l=jSlff!a:»HiB*»JjlLT, H5$HBini=77 

^ij^n-sftftassiBrt-r*. *©*. xh7-f^ 

»tt£¥frfc*fl 1 2 a fc.fctfl 2bl:»X^7 40 

1*1 1 b©*lRjJ:yjlfcBriBH-lf*S. 
[0017] ft#»4U»(*«Ji1b 1 0 1 LXMiF Ltzm 

im&i 1 1 -vmta®i¥mmtttM>om&-c& 

y, c*L©cHI=S««BS8tt©ibS*fill*(1 1-2 

o)n*«^tt(i -1 ooitss. biuml 
*g B B B S«in?fe-5^Ufc-9-7T'frs«ttA7jg I ©^ 



1 Oli. «S.liMOCVDai=J:y|| 

fcft#ti&&£ 1 ©±(=«*»Ji*4ir«ftft**i* d ' 
^**«<«Ui*1 Oi©«*5£»SE*tt©fc». Ifeft 

• ffl±l=fc£*#*(Hllli* 1 o©SfHtt©ft**fii*«. 
fc#&##«:«JI8n 0©x K5-f ^»ttiStt<c*fil 
i: -Brr 5 * 5 (=«rt $ *ir . 
[0 0 18] *5BI©»fi1 T«SLfc*77-f 71S 

»4fc©©X^5-f ^l=tiK^fift36<ie***i. sat* 
S-pfe-S^-f-V^V KX*?/*— ■ ¥>y-f *»y-T?l*, X 
>7-f^<OI8i:*4f§f79 * •if^tf 

fi»S4>fiR. »*«©«T5Hi4oTl»fc. -75. 

ci=M©fe«XftT©«Hnat^. T-/»ia±©* 

LV^UX-S©ggW-e(±. HW**Jart^©*MdEttl::.fc 
y » ;SlS±Il:em^7-^W v t*>#1fi?\£& 

****e>Vttfc<HIMWW»»'*1 0©ft©&«± 
IK=iBH-r*IE»tJtai-«*Ht«:y. ft***JII* 

1 O(0ltltS«fl:*-S. aS-Wf«©ftTfSH^ft«. 

[0 0 1 9] 02I±g5i/^UXU— if(=J:SU— +PX^ 
7-f ^*B©«ISfll*HT?ft*. 2 1 ttiBtt/Uuxu- 
1HM». 2 2tt/(AXi*JWHttB. 2 3(iu- 

XU— mm&z 1 1*. «BiE«6St36«aH»:B-f?|->-e 
fcj&cr*. Ti^*. cr***». #±B-f*>ttiNd 

3* ,Yb3 + , h 0 3* . Er3 + ^^-r^@{*imt?fey. 
y*«**t*. ^©*«s»©/^xHa«iiaioM 

Hz-efey, Jt*I=*oTI*^— yx^-f^fc+aft 
sec ha»-efc*fc©H-/<7i/Xi*;i/*- 

■s. 

" [0026 rSS>^x u-¥€lH 21 ft 
^4W(=J6 CT tfx^'f ?(=3i Lfc/^UXX^;u 

a»^bti-fcmii= <fc y ieji/^ux*©«**«fls lt 

3(=J;oT. aS/<*Xlx-U ! *©ffim*Mli^*Rtt 



x$ i=.fc y s&n##*fflji u «*.«:»*«(::* y a& 

C© J: 5 1= LT*«l**l*:fflfi/'W'X 
b— 9=jfe3 1 (t. U— 9= t: - AJfefcgS 2 4 (c«fc y Jk£ 

•So Jfc#X#? Al*-f Sjg&z^UX u— tf 

y. *©x#<» h**x©g»*fl-c©i£tfyrarefc 
sftjssita. hmx. feSLM*^ 

AB*£afcft£«%&B2 4^©A*HM Xt?**S„ 

p,fesam* 

*fcSffi£8&Sl1t«2 6(4. flfclfX Y X^-^[Z 

**»»««*iijtr^*. El±(=J;y, S3S/^XU 
— <ftfe3 1(i«Jif*:ttfi2 5(=!itt«4i. U-1fX?7 

[002 1]*!=. ffifi/^UXb— •*%©%■{*£& 2 

5^©b— tfx>> ; 7'f ^ti«(=ouTiftwrs. 

VUXU-1ftfe©£BfeM£©ffi:Eftffll4. £M4fcJC*© 
Sfim^ l=«fc y*x*;i^-3&t«J|ji4;h.. tfalW— «f 

T*«Mt©S*±JM=fcy. fc«S*ei±-e«Hbi:3K 
»*%*y. x$5-f?-c#*. **:. R«*-ei*«« 

omtiuaitt. as**. M»=*or*» 

&*.*»tt»«at/^xu-if*©iiHt«flHi=J;-3r 
2fe*So f 9V*;UX3fct?fcSI3:ifJI@ 
~©ITO&**«HM-<?*, »*L<I*1 oea9aT-C* 

s» ft©#%?«iKiis». *©e— *ftaflEi=ft?w 

*a*-Cft*. U— ftfe©*ftl= 

So *fcs WtoXU-HfJWtf^XJH&ttttffiHg- 
***urtvKtf. *©*ft*«itolSiWB;:yf»*tr 
ftatt©saaiB«©#x $ 7 -i -mi*, t a y . -as 

WftWW** MM S^flMBBlT© 
Max^^-f^tBlggtrfcSo GLfcCfcU. «S/<iU 
Xb— tf3tl=J;SU— tfX^^-f^-CI*. ffftfetfc(=J:S 
HB©£ft±*C: «*: S * 7 ? V v t° ^©fcUX $ 
5 -f ^*^Tft(=«: y - o»JHMMR 2 5 l=3i»««ft 
■c**i«*ffi©«-ft *©rt»i= u— <f x^ 7 

[0 0 2 2] ^3li®S/^xu—tFjfe©BgWl=«J;SU 

/^UX b-lf Jt©H«*fil{=feH-*aJH*ttffi©BrH0 
T?fey v 3ii±as/<;i/xu-if3fe-efe4. (b). 
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(c), (d)©Stt©BlttiES/<;i/Xb— 9%3 1 ©Alt 

*ipi*'ySfc«*#*«©¥BHT?ifcy . 

SftDA-ABrSH. «««tB-BKWT*fe«.-3 2 

(ig®'/<;i/xu— tfjfe3 i©A#*®fii]u— tfx^-f 

3 4l4jg£/^l>XU— *f&3 lOAItffiiS^Ii 

© u— tf x $ ^ -f fe s „ 

[0 0 2 3] mW^JisO— +F3fe3 1 14. itPft&fg© 

tb£tt¥*ttttA1fc 1 ofiuyffi»**i*. afi/^x 
u— «f«3 1 ©»JUifc£ttJNM*»Jfttn ofc«fctf« 
10 ibtt«isA£fi 1 1=» L-cawaaft-eibs. 

fi:««¥»it:«Ji« 1 0 £ LT£fc*fcfc*iNIM*-Cfc 
SGa N©«^. S»ftfl©Rtt«tt3 6 0 nm-Cfty 

ftaMR-efc«-*7T'f7*«©»*. S£«fl©KiDltt 

141 9 0nm-cftypia-is*nfti=»LTawe* 

So 

[0 0 2 4] IH3 (b)T'l4. A-ABS@£#frX h^-f 
?»*»l*-C> 1b£*¥«ttBH1fcl o©x h^-r^SP 
C=Sttft*l«ill=X^5-f?*lTLV B-B»f®IS©<fc5 
20 l=Bfc**t6ft»fill=£**-ex*5'f:73 2«:fT 
5o £bC:. 13 (c)T*l4(b)©X^^-f :7l=JniU ft 

fttt¥tt<taJi*M o©x 

fiCTs pSaV'Si^ h^7lcSS*'CX^ J 7-<^3 2$ 
ff5o H3 (d)T?l*(c)©X^7-f ^(=*0^.» ft#^ 

#*tt«H*l 1 O ©X h ^ -f ^fSPft 6 T/IC n fiimS 9 5 

ltl*fefiW(=. (BH*Xb- tffta 1©A§t®£l4S 
«B©^b^m*g B B H S«llcX'>7'f^3 4$ff3o X 

^ 5 -f ^©p D nSI4Hl 3 ( b ) 6 ( d ) l=^A<* L\*«. ?fe© 

30 x8-efc«gMiiia3©(d). (c). (b)©mi='>aLx 

*-C»BBWffitft*. ¥Brt©X^5'f^«IBra6tfl= 
»«ftaMRrt©x^7-f^«0rli. lIMS®iil: 
**fiJB/^XU— ff*©«*xiKv MUtCfcU. B 
«#*t»-C**IMb*JWS*asi(=»L-Ctt. ^©^ 

««aa*«!iaw«ia t°->> jt?i^eg(=^^-a:s 
ct-e^ao 

[0025]^7-f?32, 3 4l±a«-e(4ft<*a 

ft-et*^. *fc. iBfi/^xu— tf3fe3 i©M?t^E 
Wfift-ex* 5 -f t -StfS * 5 (C-T4 £ »* L 
40 L\. *6(=. Mg/tol/- tf3fc3 1©fflH»**x^ 

" * 5 -f ?u L t'aitt** fii±-c # S o 
eS/^UXb— tf3fe3 1 ©/U-X*II4 1 0 b!3&'eiTT? 
feSC£A<M*LL\„ 

[0 0 2 6] 1b&*mHtiltM* 1 0©BHtt«^f iB 
[4. 1bMfe¥tM4U»ii oroxh^'f^gptilft'e^ 

»p-5-*siwtatT. x^7-r^i=f5**+$ 
50 ^sc£-c?itrJL. *»ft^-*ffl**«»iB€»r 
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mvmmmi o©x h?^ ^¥ffft#Ai=; m*l< 

14*©&£/1/UXU-- •^©ggltflc.fcax^-f?, fe 

[0027] (HffiOPSS 2 ) #3£flJ3ffligSfe©fl2 
i2toi»rKWt*. *£lt©»£2(4£:f:a<l(::f*9l 10 

ffi©if^i iri^ifc©-?. aT©iftw-ei±nii©»®i 

u— if 3fe©ggsti= cfc -a u— tfx $ 7 zfa>r^mt:^m 
■c* y . ( a ) ttfflfi/<jux ix— ^^©BSW^iRi^teits 

aStt:S«©Bf®@T?fey. 3 1 (4&&/1/UX L/— »f* 
TJ&S, (b). (c). (d)©£SS©BI4ig£/i/UXU— 

■if* 3 1 0Aaraffl£y£fettffi*ra©?aB-e& 

y. 4>ftfi<«Jn*£«©A-AKBSH. *«36<B-BBr 
SH-CftS. 3 2liig/^XU- tf*3 1©A»fMI 
U—1fX$5<f?. 3 3l±SSf*Sffirt©U— IfX*? 20 

-f^ 34 ttffli/ <;ux u— if * 3 1 © xmm t JK*t ® 
«©u— tfx^5-f^-cft*. tf*3 1 

i*. sii#s«i©iift:ft#es£«[ 1 flu y KSt**i. 
*. WB^xu— tf*3 1 ©8*(*<b»*rti*{tWi 
ft 1 0i3*tAftftWWM*C 1 l=»LT»Hfta*-c 

[0 0 2 8] I4(b)-!?li. A-ABfS^t?XH5-f 

-B»f®S©J:5(=^3S/^XL/— If* 3 1 ©AltSi: 30 
K*»B-efc«tt4b*JM£A£«[ 1l^7<^3 4ffi 
5o @4(c)t?li(b)©X£7-f ^3 2(Cftl 

A-ASrH££fcX h5-f ?«M3*tfn«Hl9 
(=. IWb**ISa*«ii:A9 7rli2, 

(c)©x^7-r^i=*DK.. (tsifirano©x 

>5-f^»(=SBft*fil(=. gS/^Wb- tf*3 i© 

A»iBtf**iwb*#isaa6«i i=x^5-f-^3 2«ff 

5.X«-f ?© n D fl S?(4IH 4 ( b ) 4% 6 ( d ) (3££t&l* 40 

*<. *©ia-cftsi!iii*Ba4o(d). (c), (b)©m 

>=d>»l^-eBHW<iej:S4. yjMWPXfr ^^ttff 
>*bi;icmiS<*Stert©x^7-f ^«iRifi±. SlttSS 

©»»(=**fflJS/<;UXI^-1f*<D«*X»f«9 h&B-c 
fey, Rft{ttm-Cfe«ttfc*WeA£tt1i::**LT 

[0029]X^7-f?32, 33, 3 4 (*jl^-e(4ft 
<*S«-C*J:^. *fc, fflJE/toXU-1f*3 1©il 

**W«i*-ex^5'f^3Sr«t-JW*J:3i=-r*i 50 



kfsu*. ajs/<^xu— «f*3 i©3Sia»* 

So tfcli/^U- <f*3 1©/^UX*SI41 Otfrj 

[0 0 3 0] 4b$ft¥*tMRJI« 1 0©*«ltt**TriB 
14, fcttlMHMHMft 1 0©xh5-f^«i«ftT?iB 

fi/^XU- tf©gg&t[=«t^X-?^-f ?3 2, 3 3. 3 
4tWffX'&?>o X^5-f^»*ft. lft<b**IS&£«t 

■ir=n»n— 5— ¥>3j**£3tt, x^-r^izis* 

*#r**-3/<— -So ^©&. B^Lfti^AMb 
**¥*(tWltti 1 o©x h?-f 7£¥fT&*A{::. a 

* L < !**©&&/ u>x u— tf*©gi^(=J:«x^ ^-f 

-7-*a*»*aTT. x^9-f^i=it*»«tit*a 
[0031] (Mkowi 3 ) *i=. *«nj©£te©K 

• 3I=otxTRWr*. *HKE©^3I4S*W(=14H 
J6©»tt1fcH«ft©-e. HT©B«-C UMkom 1 
t*&*«Brl=oi\r©*»wr*. B5l4ett><;UX 
b— **©«»(=«*:* u-if x-7 ^©»»t«+B 

-t?fe y . ( a ) r*iBJfi/<;ux u-if*©KHt*fii(=fett* 

«Ji*MMR©BFBS0-efcy. 3 1 l4J8JE/MXb— if* 
•efe-So (b), ( c )©*jg©iif4®S/^uxu-Hf*3 
i©A*t*A*ySfc»Hfr*K©¥BiHT?*y. 
*^®(*S«©A-ABrffiB. *4§5A<B-BBf®|lT?fe 
5. 3 2(4S3S/U<Xb— tf*3 1©ASt®«HU— tfX 
3 3liS®ftg;|£fl©b-1fx?7'r X 3 
4l4SS/<;i/Xb-if*3 1 ©A3*85i:£Sf®«H©U— 

•tfX^5-f^T?fe§ 0 SS/N"JUXU-Hf*3 11*. @jg 
{*&K©H1bfc¥tftlK«K 1 flj: tj|i«td4i«. S)S/{ 
7UXU-- if* 3 1 ©SA(4fl:frtt¥«(t«Jift 1 Ofccfc 

[0032] H5(b)-eii. ftftttWMUHk 1 o© 
Xh5-f^W{=SBft*l5H=x^5-f^*filV A-A 
■rBBBB6J:t;B-BBfiiH©*3l=. !fc<b*Wtt&&« 
1W777I2. n^3>^-^ hJf3lCrtSPX-7 7-f 

^"3 3^7. i5( c )-eii, (b)©x^7-<^irin 
a. fcftfc^lltf ailBtt 1 o©x h 5 -fittest** 
rair :"M¥/^7i/X 17-+F* 3 r T ©AifS'efesWb 

^AS«1 ICX^^-f ^3 2 £tT7o X"77-f^© n D qS 

l*H5(b)t(o)l=JB*«St^ *©xa-efe*»HI* 

S5©(c)©**t'>su*T?ggiRrigtfts 0 ¥®rt© 
x ^ 5 ?mm ft 6 i/(=m®tt;s*srt©x ^ 5 -r ^i@Hif 

(4. WlflcSCOSnCAifltt/^Xlx— tf*©«* 
«1I=»LTI*. *©**?KJfcjBS*qiSRrliS:if- 
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[0033] ^7-f^32, 33, 3 4143^1** 
<3ftHre£J:l\ *fc, iEI3g/N°./l/Xb— tfft3 1 ©g 
ft*M6*ftT*x2 5 -f ^fiit-SW* J: 3 l=-T4 1' 
#*Ll\, fi&/MXU— tfft3 1©gg|H## 

si=x <? 5 -r * swum*. L±m.m<fa±T- z 

•5, *fcil/^Xb- (fft3 1 ©/*;UX*S(* 1 0 tf □ 
8>BITT? fe 5 C t tfS* L l\ 

[0034] it£to#m#mm® 1 o ©Bants js-rii 
i*. ft£*¥»*iMHtai o<Dxh7>r^sp<tiS^-eM 

S^;bXU-if©BB^(Z t );«X'&^-1'?3 2, 3 3. 3 

4i¥ff^. x-^-f:?ff£fi£gL tt<b*«ttAtt« 
«=Fi»n-5— e*i***STT\ x*9-r?fcfc* 
»tH« = iflMIL. tf©ftft«ii® 

* L < l*ft©fiJE/<;ux l^— y%©!H»(= 5-< 

LMi^-f 7^e > kx? ^ a— psv-tt— i= <fc y 

X*5-f ?*ffl\ *©*IMb**ISft»S*(::R»n 
[0 0 3 5] 

[JSW©Mft] ^©*ai=*»Wfc**Ltf.. i^b&ii* 

^iS«ft*fill=, '*&< &t.ifc<b**tgA£«il:: 
» LTaW*»ft©iHJl/^x u-1f ft SIMt L T^IJI 

ix— yx^-r^smv c:©u— «fx-^-< 
^*(=»oTiM«*as«*»Bii-r**ai= ufc©-e, u 
— tf x ? ^ ^i=<fc s * 5 * v £>?«©*«© 

<b£&¥igttai&©fttt££<b£-t± 
n=Ml»ft»IIHT?fc*ftft«»*»* c: v 

[HB©tt*&K9n 

[01] ( a ) l***g]©Sgit©K& 1.2.3 Kfclt 

(b) (i*«91©iijfc©Kfl 1 . 2. 3 (Cftft 
»«©¥@H 

[H2] *»W©SH6©»»1; 2. 3 czfilt 
;bX U— tf 1= * « u-ifx * ^ ^SB©«EKMR)AIS 



[B3] *jra©Mfc©K*i i=fiit«an/^xu— 

■■«fft©iia*(:: «fc* b— tfx? ^Sfflig^S LV 

(a) li«JH*Sffi©8r®ll 

(b) ', (c) . (d) 1±¥®Efc«fct;A-ABf®gl*5 
^fctfB-Bgr®!!] 

[B 4 ] *%i38©£ffc©K& 2 lc;fcit.5j£S$i/\°;ux u- 
■tfft©{Sglt(=«fc* U— tfX->5-f ^SftOlfiSS L. 

(a) l±*jH*Sfe©ffif@ll 

(b) . (c) . (d) l*¥HH^«fctfA-A>fBBHfe 
10 cfct^B— BBfSB 

[0 5 ] **H©$tt©K£3 (=£H-«jS&'<;i'X U- 
1«lt©!Mti:J:5l/-fX«5'f?*aa)lI**L, 

(a) (iai<*s«[©sf®ii 

(b) , (c) [*¥Sili23J:tfA-ABr®ISfc«fctfB- 
BS?®B 

[06] (a) . (b) , (c) , (d) [*tt*«l=fc 

tti L/— <fx^ ^-f ^*a©xa*»f fc#*iNw*© 

[8*©Kmn 
20 1 aikttJMSAttfi 

2 /^77i 

3 nl!=l>$?hjf 

4 nl^r; KJi 

5 mm 

6 pH$5*KJi 

7 P m=t>^<?hm 

8 p||«« 

9 nfliva 

1 o <b£&H*ftiRJift 

30 11 *Y-=?47te1ktmWS.-fSfo 
12 Xh7^ <t ¥fr fe*lRl 

21 wa/**xis-~ tfsiftg 

2 2 /^l/XI^^-ggg 
2 3 U— if fcf-AMJlS 

2 4 U— tf tf-AJflftgg 
2 5 HHftKffi 

2 6 ssfitftmsflt 

3 1 jgJa/^x u— tf ft 

3 2 jgJa/^UX u— tfft©A3tSfil U— tf X 7 -f :? 
40 3 3 gJH*g«rt©U— tfX^-f? 

3 4 jgJi/'Oux u-HfftroAStBiSMSflirou-if 
x^-f? 
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F$-A(##) 4E068 AD01 CA03 CA07 CB10 DA09 
DA11 

5F072 AB02 AB09 JJ20 MM08 MM09 
RR01 RR03 SS08 YY06 YY08 
5F073 CA02 CA07 CB05 DA32 DA34 



